
National Transportat ion 
Safety Board 

Memorandum 

Date: June 5,2000 

To: TWA flight 800 Docket 

Through: Dr. Vernon S. Ellingstad, RE-1 
Dr. Bernard S. Loeb, AS-1 .a 

From: James Wildey 11, RE-30, Chief, Materials Laboratory 
Joseph Kolly, RE- 1, Fire and Explosion Group 

Subject: Boeing Submission 

This memorandum serves as a cover page for information provided by Boeing regarding the 
TWA jlight 800 accident investigation. The memorandum contains a discussion of the rationale 
for the Safety Board request that this information be generated by Boeing, and, where possible, 
independent concurrence of conclusions and factual information. 

In 1997, a team of researchers was assembled by the Fire and Explosion Group Chairman to 
investigate, in detail, the combustion of fuel vapors and subsequent explosion of the center wing 
tank (CWT) of the TWA flight 800 airplane. This team of researchers was comprised of experts 
in the field of explosion research from academia, public and private research facilities. Its 
members were tasked to develop the basic research and analytic tools necessary to analyze the 
CWT explosion. A substantial portion of this work was directed toward the development of two 
independent computer models capable of examining numerous C WT combustion scenarios. The 
intent was to determine if it was possible to narrow the number of probable ignition locations 
within the CWT, by examining the consistency between the predicted damages, and the physical 
evidence observed in the aircraft wreckage. 

The analysis required a listing of the observed structural damage that was caused by the initial 
combustion event. The attached listing of “observable early event damages” was taken from the 
Metallurgy and Structures Sequencing Group’s report on the breakup sequence of the airplane. 
Associated with each observed damage is a confidence level, as described in the Boeing 
submission. The Chairman of the Sequencing Group (James Wildey, Chief of the NTSB 
Materials Laboratory) participated in the development of the list of damages and the associated 
confidence levels and concurs with the findings as presented in the Boeing submission. 

Estimates of the pressure differentials required to initiate failure of the various beams within and 
at the boundaries of the CWT were needed so that the models could take into account the 
predicted reaction of the structure to the dynamic buildup of pressure. Further, since the 
computer model results are descried in terms of pressure differentials, these estimates were used 
to interpret the pressure differentials in terms of predicted structural damage. 
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Ultimately, all of the results furnished by the computer model scenarios were then compared to 
the observable early event damages in an analysis procedure, called a Rules Based Analysis 
method, to measure the consistency of a particular scenario to the physical damages. 

The attachments that follow are the observable early event damages document, and a document 
listing of the results of the failure pressure analysis. 



Ronald J. Hinderberger 
Director P O  Box 3707 tvlC 67 XK 
Airplane Safety Seattle WA 98124-7X’ 
Commercial Airplanes Group 

The Boe111g C w i p a n ~  

April 26, 2000 
B-H200-16937 -AS1 

Mr. James Wildey 
National Transportation Safety Board 
490 L’Enfant Plaza East, SW 
Washington DC 20594 

Subject: Structural Data, TWA 747-1 00 N93119 Accident off Long Island, 
NY - 17 July 1996 

Reference: Metallurgy/Structures Sequencing Report No 97-38 dated April 
8, 1997 in support of TWA Flight 800 accident investigation 

Dear Mr. Wildey: 

The purpose of this transmittal is to document Boeing’s participation in 
generating the two enclosed data packages produced in support of the TWA 
Flight 800 accident investigation. This documentation is being provided at the 
specific request of the NTSB. 

Both of the enclosed data packages were generated in direct support of the 
efforts of Combustion Dynamics Ltd., of Halifax, Nova Scotia, under the 
leadership of Dr. Paul Thibault. Combustion Dynamics had been contracted 
by the NTSB during the analysis phase of the investigation to explore the 
feasibility of modeling a 747-100 center wing tank fuel-air explosion. The 
effort was aimed at analytically replicating the documented damage from the 
Flight 800 event, and determining if a probable location of ignition could be 
identified. 

The “Observable Early-Event Damages” table (Enclosure 1 ) was generated in 
order to focus on those structural failures identified in the reference report as 
having been associated with the early sequence of events. These structural 
failures were presumed to be associated with an explosion of the center wing 
tank. The format and approach for organizing the data in the subject table 
was directed by Dr. Thibault. Boeing contributed inputs to the table in the 
area of structural analysis results, along with an estimated degree of 
uncertainty accompanying each analysis conclusion. The Boeing analysis 
was based on the discussion provided in Appendix E of the referenced report. 
In some cases, for example the maintenance access doors on spanwise 
beam #1, Boeing performed more detailed additional analysis at the request 
of Dr. Thibault. 
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Dr. Thibault also requested that Boeing provide an updated summary of 
calculated failure strengths predicted for selected main components of the 
747-100 wing center section (which includes the center wing tank). This data 
was provided in the form of the “747-100 Wing Center Section Beam 
Overpressure Capability” summary (Enclosure 2). Because of the inherent 
degree of uncertainty of an entirely analytical prediction of respective failure 
strengths, the summary reflects a “minimum initial failure strength’’ as a lower 
bound, and an “estimated maximum initial failure strength” as an upper bound. 
This assessment therefore supercedes similar failure strength summaries 
provided by Boeing at various points earlier in the investigation process. 

@ 
A5V”E’Ne 

If you have any questions, please do not hesitate to call. 

Very truly yours, 

F- Ronald J. Hinderberger 
I 

Director, Airplane Safety 
Org. B-H200, MC 67-PR 
Telex 32-9430, STA DIR AS 
Phone (425) 237-8525 
Fax (425) 237-8188 

Encl.: 1) Observable Early-Event Damages” table, 9 pages 
2) 747-1 00 Wing Center Section Beam Overpressure Capability 

Summary, 1 page 

cc: Mr. AI Dickinson, IIC 



2 
0 
-0 

i 
P 
a, u 

-0 
E 

0 . 0  

vj c 
0 

cd 
.- e 
4 

5 

2 

5 

d 
cd u 
m m 
c m 
a 
m 

" L  

0 .  

i 
i 
I 

4 
I 

1 

1 
I 

b 

C 
< 

I 
I 

.d 
2 

E 

.- 
1 
0- 

c 
0 

0 a 
.+ 
4 4  

L a, s 
3 
a, 
0 c 
0 

c 

c 
c 
3 
E 

8 
c- 

c 
0 .- c 
4 

00 
0 a: c;- 

00 



g 
z 

B 
L %  
O h  

d 

* * 



W s m 
4- m 

0 * 



N 

2l 
3 n 

\O 



s 
m e 

s 
m e 

s 
m 
r4 
V 

-s 
m 
N 
V 

s m 
N 
V 

L 
0 h 



... . 

I 
I 
I 



0 
-8 

s 
0 m 

00 
8 
a, 
0 
.- 
m 

n 
m c- 



s 
m 
l- 

... 

P 
3 
3 

L 
L4 
n 
L u a a 
2 



4- 
0 

3 n 



747- 100 Wing Center Section 
Beam Overpressure Capability (updated Jan. 1999) 

Minimum Initial Failure 
Strength 

Spanwise Beam #2 I 20 

Midspar 20 

Spanwise Beam # 1 25 

Rearspar 30 

Estimated Maximum 
Initial Failure Strength 

25-30 

25 

30-35 

3 5 -40 

45-50 

45-50 

Failure loading condition assumed to be dominated by a bending moment in 
beam stiffeners (due to overpressure gradient across beam) as opposed to an axial 
load in beadstiffeners (due to almost equal overpressure on both sides of beam). 
Expected failure generally in upper joint between stiffener and wing panel. 
hitial failure level shown but subsequent failures resulting in overall beam failure 
and venting generally expected to immediately follow (providing load gradient 
maintained) 
Uncertainty range intended to also envelope variation in capability for both 
forward acting pressure gradient and aft acting gradient. 
“Minimum initial failure strength ” typically determined by conventional stress 
analysis methods used in commercial airplane design for insuring that minimum 
strength will always exceed regulatory requirement. 
“Estimated maximum initial failure strength ” typically determined from large 
finite element models capable of load redistribution in plastic range. Initial failure 
determined by input % strain at failure. 
Separate analysis of deformations of spanwise beam #1 maintenance access doors 
indicates that a pressure gradient (aft) of 45-55 psi was probably present at the left 
door and a gradient of 20 -25 psi at the right door. 


